Temperature is an important factor in affecting population dynamics and diffusion distribution of organisms. Alien species can successfully invade and colonize to various temperature environments, and one of important reasons is that alien species have a strong resistance to stress temperature. Recently, researchers have focused on the mechanisms of temperature sensing to determine the sensing and regulation mechanisms of temperature adaptation. The transient receptor potential (TRP) is one of the key components of an organism's temperature perception system. TRP plays important roles in perceiving temperature, such as avoiding high temperature, low temperature and choosing the optimum temperature. To assess high temperature sensation and the heat resistance role of the TRP gene, we used 39 and 59 rapidamplification of cDNA ends to isolate the full-length cDNA sequence of the TRP gene from Bemisia tabaci (Gennadius) MEAM1 (Middle East Asia Minor 1), examined the mRNA expression profile under various temperature conditions, and identified the heat tolerance function. This is the first study to characterize the TRP gene of invasive B. tabaci MEAM1 (MEAM1 BtTRP). The full-length cDNA of MEAM1 BtTRP was 3871 bp, and the open reading frames of BtTRP was 3501 bp, encoding 1166 amino acids. Additionally, the BtTRP mRNA expression level was significantly increased at 35uC. Furthermore, compared with control treatments, the survival rate of B. tabaci MEAM1 adults was significantly decreased under high temperature stress conditions after feeding with dsRNA BtTRP. Collectively, these results showed that MEAM1 BtTRP is a key element in sensing high temperature and plays an essential role in B. tabaci MEAM1 heat tolerance ability. Our data improved our understanding of the mechanism of temperature sensation in B. tabaci MEAM1 at the molecular level and could contribute to the understanding of the thermal biology of B. tabaci MEAM1 within the context of global climate change.
Introduction
The transient receptor potential (TRP) ion channel superfamily comprises a collection of cation channels that is conserved from worms to flies and humans [1, 2] . TRP channels, as membrane spanning proteins that regulate the flux of ions, play a central role in neurobiology. TRP channels are critical for sensing the external environment and are activated through various mechanisms and participate in virtually every sensory modality, such as temperature sensation, light sensation, and mechanistic sensation [3] . TRP channels have a profound impact on animal behavior. All animals have mechanisms to sense the temperature of their surroundings, and temperature sensation is mediated largely by direct activation of TRP ion channels [2, 4, 5] . TRP ion channels are activated by specific changes in temperature, acting as the molecular thermometers of the body, and TRP proteins enable sensory neurons to convey temperature information [6] .
Insects are poikilothermic animals; therefore, they are extremely sensitive to changes in the temperature of the environment. However, although temperature sensation is critical for interaction with the environment, it has received relatively little attention from physiologists, [6, 7] . Flies have a simple neuronal architecture and genetic tractability, which make them an attractive animal model for studying the behavioral and molecular mechanisms underlying temperature sensation. Moreover, at present, most studies of TRP channel function in sensory physiology and animal behavior are focused on flies [3] . The need for thermo-sensation exists in all organisms, particularly for invasive species that are distributed widely and adapt to various climate regions. Therefore, we examined whether other non-model insects, such as invasive insects, also use TRP to sense temperature in order to gain insight into the fundamental biophysical mechanism concerning how temperature activates ion channels.
The whitefly Bemisia tabaci (Gennadius) (Hemiptera: Aleyrodidae) is a complex species, containing at least 30 morphologically indistinguishable cryptic species, such as Middle East-Asia Minor 1 (MEAM 1), Mediterranean cryptic species (MED) [8] . For our knowledge, the first major global invasion event is that of B. tabaci MEAM 1 cryptic species, and it is thought to have come from the Middle East-Asia Minor region [8] , where its ability to tolerate exposure to extreme temperatures is central to its survival. MEAM 1 commenced sometime in the late 1980s principally via the trade in ornamentals [9, 10] (Broadbent et al., 1989; Cheek et al., 1994) , from its origins to at least 54 countries [8] . MEAM 1 cryptic species is one of the most destructive invasive pests of field and glasshouse crops throughout the world [11] , causing damage directly through feeding and indirectly through the transmission of plant pathogenic viruses, primarily begomoviruses [12] . For example, in Beijing and Turpan Xinjiang province, China, MEAM1 had caused great losses to vegetables and cottons, respectively, and the damage was up to 70% losses [13] .
Invasive species usually have great potential to adapt to various environmental temperatures [14] [15] . Previous studies have suggested that the ability of B. tabaci MEAM1 to resist heat may be one of the mechanisms that potentially underlies its invasive traits [15] [16] [17] . Lü and Wan [18] found that hsp23 and hsp70 plays a key role in heat tolerance in B. tabaci MEAM1 females. However, it remains unclear how the information of surrounding temperature transfers to the insect's neural network and stimulates the expression of hsp23 and hsp70 to increase the heat resistance ability of B. tabaci MEAM1 adults.
To assess the high temperature sensation mechanism and heat resistance role of the TRP gene, the following aspects were explored. First, we cloned the full cDNA sequence of the TRP gene of B. tabaci MEAM1 (MEAM1 BtTRP). Second, we examined the mRNA expression profile of the MEAM1 BtTRP gene under various temperature conditions by quantitative realtime PCR. Third, we identified the function of the MEAM1 BtTRP gene under high temperature stress using the feeding dsRNA method. The aim was to reveal the characterization of the MEAM1 BtTRP gene and its temperature sensation role in B. tabaci MEAM1. This information could contribute to the understanding of the thermal biology of B. tabaci MEAM1 species within the context of global climate change.
Materials and Methods

Insects and host plants
B. tabaci MEAM1was reared on cotton plants, Gossypium hirsutum (L.) (var. Simian No. 3), in a glasshouse at 20-34uC, 50-60% RH and a natural photoperiod (39u559 N, 116u209 E). The plants were individually grown in 9-cm-diameter pots under the same conditions as the whitefly.
Temperature stress treatments
To determine the role of the BtTRP gene in the ability to survive temperature stress exposure, we analyzed the relationship between thermotolerance and BtTRP mRNA expression. The thermotolerance test was conducted using the method described in [17, 19] . Because Bowler and Terblanche observed that adult age is associated with different responses to temperature stress [20] , we standardized adult age using only newly emerged whitefly adults that were younger than 3 hours. One hundred females or males were placed together in a 1.5-mL centrifuge tube. To confirm that all of the whitefly adults underwent temperature stress, the tube was covered with cotton along 1/4 tube length from the top of the tube. The number of adults chosen was based on preliminary experiments showing that 100 adults enabled sufficient total RNA to be extracted for reverse transcription. The whiteflies inside the tubes were exposed to 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21 and 23uC for 1 h in a constant environment (K6-cc-NR; Huber Kä ltemaschinenbau GmbH, Offenburg, Germany) and 29, 31, 33, 35, 37, 39, 41, 43 and 45uC for 1 h in a water bath (CC-106A; Huber Kä ltemaschinenbau GmbH, Offenburg, Germany). The treatment temperatures were selected based on our previous study [21] . The selected length of exposure was based on preliminary experiments indicating that a 1-hour exposure was sufficient to induce a measurable stress response in whitefly adults. Adults maintained at 26uC were used as untreated controls. Following stress exposure, the samples were frozen immediately with liquid nitrogen and then stored at 280uC until RNA extraction. Each treatment had five replicates.
Rapid amplification of cDNA ends (RACE) and sequence analysis of full-length BtTRP cDNA
Total RNA was isolated using the RNeasy Mini Kit (Qiagen, Valencia, CA, USA), and 2 mg of RNA was used to generate cDNA using the oligo(dT) 15 primer according to the instructions provided with the Reverse Transcription System (Invitrogen Life Technologies, Burlington, ON, Canada). Degenerate primers (Table 1) were used to amplify partial segments of the BtTRP gene. Next, 59 and 39 RACE was performed to obtain full-length cDNAs according to the manufacturer's instructions (Rapid Amplification of cDNA Ends System, version 2.0; Invitrogen, Carlsbad, CA, USA) using gene-specific primers corresponding to GSP1 and GSP2 (Table 1) . To ensure that the 59 and 39 fragments were derived from the same gene, specific primer sets flanking the open reading frames (ORFs) were designed and used to amplify the full-length cDNAs.
Based on the transcriptome information of B. tabaci [22] [23] [24] , the full length BtTRP cDNA from B. tabaci MEAM1 was used as the query sequence to search for other insect TRP genes in the GenBank database using the BLAST software available on the NCBI website (http://www.ncbi.nlm.gov/BLAST/). Sequence alignment and identity analyses were performed using DNAMAN (version 5.0; Lynnon BioSoft, Quebec, Canada). The ORFs were identified using ORF Finder (http://www.ncbi.nlm.nih.gov/gorf/ gorf.html). The amino acid sequences and molecular weight of the proteins were calculated using DNASTAR.
To evaluate the molecular evolutionary relationship of TRP from various insects, phylogenetic trees were constructed based on their protein sequences. Sequence homology searches were performed using BLAST, and all of the sequences were retrieved from GenBank using Blast-N and Blast-X. The retrieved sequences were aligned using the multiple alignment tool of the ClustalX program. Gaps and missing data were excluded from the data analysis. MEGA 5.1 was used to perform the tree calculations. The tree constructions were performed by using the Maximum Likelihood method based on the poisson correction mode. Support for the nodes was assessed as a proportion of 1000 bootstrap replicates to derive the confidence values of the phylogeny analysis.
Real-time quantitative PCR
Total RNA from the samples was extracted using the RNeasy Mini Kit (Qiagen), and the RNase-Free Set (Qiagen) was used to remove genomic DNA. The quantity and quality of the RNA were assessed via spectrophotometry (Beckman Du 650 spectrophotometer, Fullerton, CA, USA), and the A260/A280 ratios were typically above 1.8. The RNA quality was also evaluated via 1% agarose gel electrophoresis. According to the manufacturer's instructions, 2 mg of total RNA was used to synthesize cDNAs using the SuperScript III Reverse Transcriptase Kit (Invitrogen Life Technologies). The cDNA was stored at 280uC until further analysis.
The mRNA expression levels of BtTRP following exposure to various temperature stresses were examined via comparative quantitative real-time PCR analysis. The sequences of the primers are listed in Table 1 . The reactions were performed using an iQ 5 Real-Time PCR Detection System (BioRad, Foster City, CA, USA). The amplification volume was 20 mL, including 0.5 mL of the forward primer (10 mM/mL), 0.5 mL of the reverse primer (10 mM/mL), 10.0 mL of 26TransStart Green qPCR SuperMix, 0.4 mL of Rox, 1.0 mL of the cDNA sample and 7.6 mL of ultrapure water. The PCR cycle conditions were as follows: 94uC for 5 min, followed by 40 cycles of amplification consisting of 94uC for 30 s, 58uC for 30 s and 72uC for 1 min, and then 72uC for 10 min. After the amplification phase, a dissociation curve was generated to ensure that there was only one product. A control without any template was included in all of the batches. The amplification efficiency was validated by constructing a standard curve using five serial dilutions of cDNA. The data were analyzed based on the C p method according to the mathematical model of [25] , simplified to 2 ggCt as follows:
A 26uC sample was used as a control, and nicotinamide adenine dinucleotide (NADH) was used as the reference gene based on our preliminary experiments, which revealed that NADH was stably expressed under various temperature stress conditions (unpublished data). The relative expression level of BtTRP mRNA was defined as the fold-change normalized to the amount of NADH. Each sample was assessed in triplicate.
Production of dsRNA transcription templates and synthesis of dsRNA BtTRP transcription templates were produced from total whitefly cDNA using gene-specific primers containing a T7 promoter sequence; the T7 primer was as described previously [26] . Amplification reactions were conducted in 50 mL containing 38.0 mL of ddH 2 O, 5.0 mL of 106buffer, 1.0 mL of dNTPs (10 mM for each nucleotide), 2.0 mL of forward primer (10 mM/ mL), 2.0 mL of reverse primer (10 mM/mL), 1.0 mL of cDNA template and 1.0 mL of Taq DNA Polymerase (5 UmL 21 ; TransStart). The PCR cycling conditions were as follows: 94uC for 5 min, followed by 35 cycles of 94uC for 30 s, 60uC for 30 s and 72uC for 30 s, and a final extension step of 72uC for 10 min. The amplification of PCR products was confirmed by separation on 1.5% agarose gels and visualized by staining with ethidium bromide under UV light. The PCR products were purified using a Qiaquick PCR purification kit (Qiagen, Inc., Hilden, Germany) according to the manufacturer's instructions. The PCR products were stored at 280uC prior to the synthesis of dsRNA.
DsRNA was synthesized using the MEGAscript RNAi Kit (Ambion, Austin, TX, USA), and 1 mg of PCR product was used as the transcription template. dsRNA was resuspended in RNasefree water. dsRNA was analyzed by agarose gel electrophoresis and quantified spectrophotometrically. The dsRNA was stored at 280uC prior to further use.
Feeding of dsRNA and detection
Newly emerged whitefly adults were fed a diet containing dsRNA diluted to 0.3,0.5 mg/mL in a 10% w/v RNase-free sucrose solution. Feeding was performed using the parafilm clip nutrient solution method [18, 27] . The parafilm was pre-treated with 0.1% diethyl pyrocarbonate (DEPC) solution to remove any RNases, and then RNase-free water was used to clean the DEPC from the parafilm. Two hundred newly emerged whitefly adults were collected and placed into a glass tube (3 cm in diameter, 8 cm in height). The tube opening was then covered with two layers of parafilm, and 200,250 mL of dsRNA solution was injected into the gap between the two layers. The other end of the tube was covered with gauze to enable ventilation. The tube was then wrapped with black plastic paper leaving the parafilm enclosed end exposed to light. This process encouraged the adults to move toward the diet and feed. Each tube was then placed in a constant environment room for 3 h at 2660.2uC. At 3 h, some of the samples were next placed immediately into liquid nitrogen to be frozen and then were stored at 280uC until RNA extraction. The remaining flies were exposed to 4560.2uC in a water bath for 1 h after which they were then placed into another constant environment room at 2660.2uC for 1 h; the number of live whiteflies was then counted. A temperature of 45uC was selected based on preliminary experiments showing that this temperature was the discrimination point for whitefly heat tolerance. The treated control comprised whiteflies fed 10% w/v RNase-free sucrose solution only, and the untreated control was composed of whiteflies fed nothing. Each treatment had five replicates.
BtTRP mRNA expression after dsRNA feeding was analyzed by comparative quantification real-time PCR. Additionally, the real-time PCR protocol followed the same method described above (''Real-time quantitative PCR'').
Statistical analysis
Statistical analyses were conducted using SPSS package (version 13). Data were first tested for normality using the KolmogorovSmirnov test; the data were then log transformed to ensure that they were normally distributed. The effects of temperature on BtTRP gene expression and survival rate after feeding with the dsRNA mixture were analyzed by one-way ANOVA. The means were separated using LSD a = 0.05. The target gene expression after feeding with the dsRNA mixture was analyzed by independent T-test. The results were expressed as the means 6 standard error (mean 6 SEM). The differences were considered significant when the P-values were less than or equal to 0.05.
Results
cDNA sequence analysis of BtTRP (characterization and homology, phylogenetic analysis)
The full-length cDNA of MEAM1 BtTRP (KM280572) is 3871 bp, including a 59-terminal UTR of 118 b (the position of 1-118), a 39-terminal UTR of 252 bp (the position of 3620-3871) containing a poly (A) tail, and an ORF of 3501 bp (the position of 119-3619) encoding a polypeptide of 1166 amino acids with a predicted molecular mass of 132.0 kDa. One highly conserved TRP gene structural domain, EWKFAR, was identified and was located between amino acids 675-700. The motif protein was located between amino acids 69 and 173 by using on line software (http:// www.ncbi.nlm.nih.gov/Stucture/bwrpsb/bwrpsb.Cgi) (Fig. 1) .
The transmembrane helices in TRP protein were predicted by using on line software TMHMM Server v. 2.0 (http://www.cbs. dtu.dk/services/TMHMM-2.0/). As showed in Fig. 2 , six transmembrane structures were found in MEAM1 BtTRP, and one pore ring between the fifth and sixth transmembranes. The amino acid number of each transmembrane structural domain (from S1 to S6) was 23. The amino acid positions of 369-391, 420-442, 457-479, 507-529, 551-573 and 638-660 (Fig. 1) indicated the transmembrane structure positions of S1, S2, S3, S4, S5 and S6, respectively.
In addition, homology analysis of Fig. 3 revealed that, compared with previously identified TRP genes, the identity of the deduced amino acid sequence of BtTRP is highly conserved, with highly conserved TRP gene structural domain, EWKFAR, locating between amino acids 675-700 (Fig. 1) . Furthermore, as shown in Fig. 4 , TRP from insects of the same order were clustered into the same group, such as Bombus terrestris, Bombus impatiens, Megachile rotundata, Apis mellifera, Apis florea, Camponotus floridanus, Harpegnathos saltator, Acromyrmex echinatior and Nasonia vitripennis clustered into Hymenoptera, Ceratitis capitata, Calliphora vicina, Drosophila willistoni, Drosophila melanogaster and Drosophila erecta clustered into Hymenoptera, etc. The result is consistent with traditional taxonomy. BtTRP mRNA expression pattern in B. tabaci MEAM1 under heat shock conditions
The sequences of all the primers of the relative quantification real-time PCR for detecting BtTRP mRNA expression patterns are listed in Table 1 . Temperature had a significant effect on BtTRP mRNA expression (F 21,87 = 3.345, P,0.05) (Fig. 5) . Compared with other stress temperatures, the BtTRP mRNA expression level significantly increased at 35uC, and it was not significant difference under other stress temperature conditions (Fig. 5) .
The role of the BtTRP gene during heat shock treatment
The sequences of the primers of comparative quantification real-time PCR for detecting mRNA expression after feeding with dsRNA and production of dsRNA transcription templates are listed in Table 1 . Compared with the controls, BtTRP mRNA expression was significantly decreased in half in B. tabaci MEAM1 after feeding with dsRNA for 3 h (F = 2.765, P,0.05) (Fig. 6) .
Furthermore, as showed in Fig. 7 , compared with the control treatments, the survival rate of whitefly adults was significantly decreased at 45uC for 1 h after feeding with BtTRP dsRNA (F 2,12 = 9.806; P,0.05). The mortality rate of feeding dsRNA, feeding sugar and no feeding was 49.6%, 33.7% and 38.9%, 
Discussion
The TRP channel gene has been previously sequenced in the following model insects: Drosophila melanogaster (Diptera), Bombyx mori (Lepidoptera), Tribolium castaneum (Coleoptera), Apis mellifera (Hymenoptera), Nasonia vitripennis (Hymenoptera), and Pediculus humanus (Phthiraptera) [28] . However, the MEAM1 BtTRP gene full-length cDNA sequence generated in the present study represents the first TRP sequence cloned from an invasive non-model insect. The N-terminal anchoring protein binding site of the MEAM1 BtTRP gene was located at amino acid positions 69 to 173. The interaction between the anchored proteins and TRP channel might inhibit the release of intracellular Ca 2+ , connecting the TRP channel and cytoskeleton and forming heteromerics. Generally, the C-terminal conserved structure of the TRP gene is composed of 23-25 amino acids [2, [29] [30] [31] . Interestingly, 30 amino acids in the C-terminal conserved structure of the MEAM1 BtTRP gene are located at amino acid positions 1096 to 1125. The TRP superfamily of cation channels shares six common transmembrane domains and permeability to cations [2, 28] . Similarly, for the transmembrane domain analysis of amino acids using TMHMN online software, we found six a transmembrane domains in MEAM1 BtTRP, a finding that is consistent with the results of other studies, but we did not find the amino acids responsible for detecting a voltage change in the fourth transmembrane domain [2] . The transmembrane structural analysis of TRP has indicated that the N-and C-termini are located within cells [29] [30] [31] . Intriguingly, in the present study, we found that the N-and C-termini were located inside the cell membrane. Matsuura et al. [28] reported that both evolutionary conservation and changes occurred in insect TRP channels and that the rate of evolutionary change was accelerated in this family. In the present study, the phylogenetic trees showed that TRP from insects of the same order were clustered into the same group, a finding that was consistent with traditional taxonomy. Invasive B. tabaci MEAM1 can adapt to various climate regions and might possess a unique temperature sensing mechanism. Thus, further examination is needed to determine whether unique MEAM1 BtTRP gene features, including a longer C-terminal conserved structure and the N-and C-termini inside the cell membrane, are related to its temperature sensing characteristics.
TRP channels have crucial functions for various sensory modalities. Many TRP channels are activated by various stimuli and function as primary signal integrators. TRP channels are expressed and function in various organisms, such as nematodes, fruit flies, fish, mice and humans [28] . DmTRP has been shown to be activated increases in temperature [29, 32] . Additionally, Matsuura et al. [28] showed that AmTRPA5 expressed in HEK293 cells was not activated by temperature fluctuations. In the present study, the mRNA expression level of the MEAM1 BtTRP gene was significantly increased at 35uC. For the same high temperature stress conditions, our previous study showed that the onset temperatures (T on s) of the synthesis of hsp20, hsp70 and hsp90 were 35uC, 39uC and 35uC, respectively. Additionally, the mRNA expression maximum temperatures (T max s) of hsp20, hsp70 and hsp90 were 39uC, 41uC and 39uC, respectively [21] . These results showed that the T on s of hsp70 expression in B. tabaci MEAM1 were generally 4uC higher than that of MEAM1 BtTRP mRNA expression, and the T on s of hsp20 and hsp90 expression were the same as the temperature of the significant MEAM1 BtTRP expression level increase. The T max s of the expression of the three hsp genes were generally 4-6uC higher that of the MEAM1 BtTRP mRNA expression peak in B. tabaci MEAM1. The mRNA expression characteristics of the BtTRP and hsp genes suggested that the BtTRP gene sensed the environment temperature change and transferred the information to B. tabaci MEAM1, activating a series of physiological actions, such as induction of the expression of heat shock protein genes, to improve the organism's heat tolerance ability.
To date, the physiological functions of TRP channels have been exclusively characterized in fruit flies and mice [28] . Thermosensitive TRP channels are specific TRP channels that are activated by an increase or a decrease in temperature [2, 33, 34] . All thermo-sensitive TRP channels belong to the TRPA subfamily in fruit flies [35] [36] [37] [38] , which consists of TRPA1, Painless (Pain), Figure 7 . The effect of dsRNA BtTRP on the heat tolerant ability of Bemisia tabaci MEAM1 adults. The results showed that, compared with the control treatments, the survival rate of whitefly adults was significantly decreased at 45uC for 1 h after feeding with BtTRP dsRNA. It suggested that BtTRP was one key factors influencing adult heat tolerance. The results are expressed as the means 6 SEM. The means over the bars followed by different lowercase letters or capital letters are significantly different at P#0.05. doi:10.1371/journal.pone.0108428.g007
Pyrexia (Pyx) and Waterwitch (Wtrw) [3] . Drosophila Pain and Pyx function as thermosensors, responding to different ''hot'' temperatures, and the temperature thresholds for activating Pain and Pyx were shown to be 42.6 and 37.5-40uC, respectively [35] [36] 39] , suggesting that they were direct sensors of noxious heat [3] . Additionally, TRPA1 and Pain contributed to avoidance of 46uC noxious heat in Drosophila [40] . DmTRPA1 was found to be necessary for Drosophila larvae to discriminate between 18uC and 24uC [41] . Sato et al. showed that BmTrpA1 was activated at temperatures above ,21uC in Bombyx mori [42] . Furthermore, Rosenzweig et al. showed that RNA interference (RNAi)-mediated knockdown of dTRPA1 caused warm avoidance defects in Drosophila larvae, suggesting that dTRPA1 was essential for thermotaxis in Drosophila [37] . In recent years, RNAi technology has been successfully applied to the study of gene silencing in whiteflies [18, 26] . Our previous work indicated that feeding with dsRNA could lead to the inhibition of target gene mRNA expression [18] because whiteflies have a cross-membrane transport mechanism. Thus, we used the feeding dsRNA method to identify the function of the MEAM1 BtTRP gene under high temperature conditions. The present study showed that, compared with control treatments, feeding with MEAM1 BtTRP dsRNA significantly decreased survival rates, supporting the idea that MEAM1 BtTRP plays an essential role in the heat tolerance of B. tabaci MEAM1. According to previous studies that all thermosensitive TRP channels belong to the TRPA subfamily in fruit flies [3, [35] [36] [37] , we suggest that MEAM1 BtTRP belongs to the TRPA subfamily because the MEAM1 BtTRP channel contributes to increased high temperature stress tolerance.
Conclusions
In summary, the present study was the first to characterize BtTRP in invasive B. tabaci MEAM1 and the mRNA expression profile during different temperature stress conditions and under high temperature stress in a physiological model. The result of feeding BtTRP dsRNA showed that MEAM1 BtTRP is a key element in sensing high temperature and plays a key role in B. tabaci MEAM1 heat tolerance ability. Our data improved our understanding of the mechanism of temperature sensation in B. tabaci MEAM1 at the molecular level. However, the precise physiological function of MEAM1 BtTRP under low temperature conditions warrants further investigation. How the temperature of the environment transfers into the body needs to be investigated further using electrophysiological methods.
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